Fungal inhibition in four commonly used agar media was improved by substituting natamycin (pimaricin) for cycloheximide. The recovery of bacteria was not affected by natamycin, whereas fungal contamination from a variety of samples was significantly suppressed. Furthermore, natamycin lacks the occupational health hazards of cycloheximide. Medium-dependent natamycin degradation occurred during the preparation and refrigerated storage of agar plates, but the addition of natamycin at 21.6 ,ug/ml resulted in effective residual activity.
Fungal inhibition in four commonly used agar media was improved by substituting natamycin (pimaricin) for cycloheximide. The recovery of bacteria was not affected by natamycin, whereas fungal contamination from a variety of samples was significantly suppressed. Furthermore, natamycin lacks the occupational health hazards of cycloheximide. Medium-dependent natamycin degradation occurred during the preparation and refrigerated storage of agar plates, but the addition of natamycin at 21.6 ,ug/ml resulted in effective residual activity.
Enumeration of bacteria from environmental samples by the spread plate technique is usually performed by using agar media containing the fungicide cycloheximide (actidione) (1, 24) . However, the use of cycloheximide has drawbacks; it is genotoxic (clastogenic but not mutagenic) in several test systems (2) , has reproductive toxicity effects, and can cause contact dermatitis (5, 9, 13, 17, 20) .
Among possible alternatives to cycloheximide is natamycin (pimaricin), a polyene antifungal antibiotic produced by Streptomyces natalensis. The antifungal activities of natamycin and other polyenes are dependent on their binding to cell membrane sterols, primarily ergosterol, the principal sterol in fungal membranes, thereby making them leaky (3, 11, 21) . Bacteria are not susceptible to natamycin since their membranes are devoid of sterols (14, 21) , and accordingly, reported MICs of natamycin against bacteria are high (>10,000 Fg/ml) (6) . Naturally occurring fungal resistance to natamycin is rare (3) ; the level of resistance is low compared with that to cycloheximide (23) and does not increase during exposure to natamycin (7, 8) . The use of natamycin in the prevention of the growth of molds on certain cheeses and sausages is permitted in many countries (4, 6, 25) .
The objective of the present study was to compare fungal inhibitions and recoveries of specific bacteria from soil on natamycin-and cycloheximide-containing agar media. Also, we examined the stability of natamycin during the preparation and refrigerated storage of four commonly used agar media.
Inhibition of fungi. Four commonly used agar media, Luria-Bertani (LB) (12) (1) from filter-sterilized, frozen (-20°C) stocks containing 6.25 mg of cycloheximide per ml of distilled water. Natamycin was added at 21.6 ,ug/ml on the basis of published fungal MICs (8, 14, 15) from refrigerated stocks containing 0.864 mg of natamycin per ml of methanol. When the melted agar medium had cooled to about 50°C, the fungicides were added and the plates were poured immediately. Spore suspensions containing 10i conidia per ml were prepared from seven fungal strains propagated on YPD as described by Rusul and Marth (19) . The plates were inoculated with 10 Vl of spore suspension (three spots on each of two plates) and incubated at 30°C. Colony diameters were measured on the plates after 3 and 7 days. Each experiment was repeated two or three times. Data were analyzed by analysis of variance and mean separation procedures by using the program SAS/STAT version 6 .04 (Statistical Analysis Systems, SAS Institute, Cary, N.C.).
Fungal colony growth (Table 1) was significantly influenced by fungal strain, fungicide treatment, and medium (P < 0.0001); interactions between these parameters were also significant (P < 0.0001). Growth of all fungi on the four natamycin-containing media was inhibited relative to that on untreated or cycloheximide-containing plates on day 7, while only five of seven fungi (Aspergillus niger, Geotrichum candidum, Geotrichum sp., Penicillium commune, and Penicillium roqueforti) were significantly inhibited by cycloheximide. Although more effective inhibition of growth by natamycin was noted when the plates were read earlier, the present experiments were extended for 7 days to test natamycin in a worst-case situation. Only two of the seven fungi, i.e., Penicillium chrysogenum and Aspergillus fiavus, could grow on natamycin-containing plates. Until day 2, inhibition of these two strains with natamycin was complete; from day 3, inhibition was highly variable but significantly influenced by strain and medium (Table 2) . A high tolerance to natamycin has previously been reported for A. flavus (6, 16) .
Test for degradation of natamycin. The four agar media were prepared with the addition of 21.6 p.g of natamycin per ml, and the plates were stored at 6°C in the dark. The natamycin concentration was determined immediately after preparation and after 2, 4, and 8 weeks in duplicate samples by use of a procedure developed for cheese (10); two discs of agar were cut from each of three plates and pooled, extracted with 80% methanol, cleaned by solid-phase extraction (Sep-Pak cartridge, C18), and analyzed by high-performance liquid chromatography. Natamycin was determined by UV absorption at a X of 303 nm. The natamycin decomposition rate was medium dependent and occurred both during medium preparation and during storage (Fig. 1) . Analysis of variance showed that natamycin stability in all four media (absolute or relative to day 0) was different at the 1% level (Duncan's multiple-range test), the order of decreasing stability being NA, MACA, YPD, and LB. The rate of natamycin degradation in LB was subsequently confirmed by a repeat experiment.
Natamycin losses during plate preparation (average of two experiments) were 11% for NA, 28% for MACA, 34% for YPD, and 40% for LB. Degradation during storage (6°C) (Table 2) . Surprisingly, natamycin was degraded during medium preparation. Natamycin is considered to be stable even when heated to 100°C for short periods (17) . It is known that chemical oxidants and UV light cause rapid degradation of natamycin in aqueous solution (15) . The observed degradation was probably due to chemical degradation that is accelerated at 50°C. In food applications, natamycin degradation is of little importance because crystalline natamycin is used; this provides longer protection when the fungicide is slowly released (solubility in water is about 50 ,ug/ml [3] were converted to CFU per gram of dry matter. No significant differences were observed between bacterial counts on the two media (P > 0.05, Duncan's multiple-range test; Table 3 ), and there was no fungal growth on the plates. This agrees with the general finding that natamycin does not inhibit bacteria (6, 14, 21) .
Since the completion of the above experiments, natamycin-containing agar media have been used successfully in our laboratory for the enumeration of bacteria in soil, cattle dung, and earthworm casts and on bean and barley leaves from fields and microcosms (data not shown). These experiments suggest that natamycin is an efficient suppressor of fungal contamination on agar plates, enabling enumeration of the bacteria of interest.
In conclusion, the substitution of natamycin for cycloheximide in agar media is advantageous because its antifungal activity has been shown to be significantly higher than that of cycloheximide and natamycin lacks the occupational health hazards of cycloheximide. In addition, natamycin does not affect recovery of bacteria from soil.
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